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Three periods of gaseous exchange were revealed in rats under 
conditions of a limited motor activity. During the first 10-15 days 
O 2 consumption displayed a sharp elevation; on the 20th-30th day, it 
became stabilized at a higher level (In comparison with control) and 
it sharply rose again on the 40th-100th day. In dogs hypokinesia 
produced a reduction of O 2 consumption and then a tendency to its 
elevation was seen. A short period of physical exercises in squirrels 
after hypokinesia led to Increased oxygen consumption at rest. 
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OXYGEN CONSUMPTION OF ANIMIILS UNDER CONDITIONS OF HYPOKINESIA 
Ye. V. Loginova, A. I. Voloshin, I. G. Rrasnykh, Ye. A. Stroganova* 

**/32 

Hypokinesia In puppies and baby rats Is accompanied by Increased gas 
exchange [2], and In adult dogs — by Its reduction [A]. Data on chages in gas 
exchange in adult rats kept under conditions of hypokinesia is contradictory. 
Certain authors [1] have noted a reduction in oxygen consumption, while others 
[3, 4, 6] have noted an increase. 

The purpose of this investigation was to study the influence of hypokinesia 
on the oxygen consumption of rats, dogs and squirrels. /33 

Methodology. Tests were conducted on 350 white rats, 2 dogs and 8 squir- 
rels. The activity of the animals was limited by means of placing them in 
individual cages. Cage sizes for the rats and dogs corresponded approximately 
to the size of the individual animal. The squirrels were kept in cages 35 x 35 
X AO cm in size. Oxygen consumption In the rats and squirrels was determined 
by the Kalabukhov method, and in the dogs — by the Douglas-Holden method. 

Measurement lasted 15 min. Hie data was expressed in millimeters of oxygen in 
1 hr per 1 kg of the weight of the animal and cited against normal conditions. 
During determination of oxygen consumption by the Kalabukhov method, a constant 
temperature of 16° was maintained In 


TABLE 1 

Change in oxygen consumption (in ml/kg/hr) of rats depending on 
body weight (M±m) 
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Figure 1. Changes in fibers of cardiac muscle in animals of 
the second group: a - structure of myocardium of intact rats. 
Magnification 7 x 40; b - amplification of longitudinal 
striation of myocytes and partial homogenization of fibers 
after 60 minute action of high temperatures. Magnification: 
7x40; c - homogenization and fragmentary (chunks) decomposition 
of individual muscle fibers after 240-minute action of high 
temperature. Magnification: 7x90. 
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Figure 2. Changes in fibers in cardiac muscle in animals of the 
first group, a - content of glycogen in the myocardium of intact 
rates. Mag. 7X20; b - content of glycogen in the myocardium of rats 
after 240-minute action of high temperature. Mag. 7X40; c - 
activity of the SDG activity of the myocardium of Intect rats. 

Mag. 7X40; d - SDG activity of rats after 240 minuted at high tem- 
peratures. Mag. 7X40. e-LDG activity of the myocardium of intact 
rats. Mag. 7X90. f-LDG activity of myocardium of rats after 240 
minutes at high temperatures. Mag. 7X90 






ths cbaabar* Hoistiir« and carbonic acid ware abaoxbad* Considering tbe 


fact that tba laral of oxjgan consuaptlon la associated with the age, sax* 
and body also of the anlaala and tbe time of year [^3* 5^ » the exparlaents 
on rata vara set In b series. In sarlas I, oxygen consumption depending on 
■el^ht and sax of the rats aas studlad* in II — during different tlaes of 
the year. In aeflee HI and IV — during hypokinesia. 

In aeries IH( rats with Initial wel^t of I 50 - 230 g. were used. 

In IV ~ with a wel^ of 250 - 270 g. Aniaals of corresponding age found 
In conditions at free conflneaent were the eoaerol. 
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Seasonal fluctuations In ojgrgen consurption (in al/kg/hr) of rats weighing 

160 - 230 g (Mta) 
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In- the dogs naaed Sneahok and Ziaa (males aged 1^-2 years), oxygen 
consumption and minute volume (kV) were studied before beginning the tests 
(background data), and then again on the 10, 20, 40th day and at the end of 
the 2, 3i 5th and 6th months of hypokinesia. 

All the squirrels were first kept for 5 days in ordinary cages, after 
which the animals were divided into 2 groups. Three squirrels were left 
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in tb« MM ca«w (t«at), nal 5 aqpilxnls Mr* plnc*d for 2 dnjs into th* 

■MM slMi nif, tet nith an —rrfar . wb—1 (control). Tho nuBorlcnl data 
■as pmr— w1 tj th« Plabar-Studant Mvthod. 

Roaulta and dlacusclon. Rata aaU^iing froa 1<I0 to 240 g conauaod 
approxiaataljr tba oom anount of oxygon par 1 kc of aaigbt (tabla 1) . 

Coaparad aith thaaa, tb* oxygon conauvtion in ] oungar rata aaa eonaidarably 
higbar (P< 0.01)« and in older rata — loaaf (P < 0.05). Ho differaccaa 
aara obaarvad in tba oxygon conauaption of aalea t nd fMMlaa. 

Haxiaal oxygon conauaption of rata aaa noted n Septsnbar-'Oetobor, and 
mmi ^ in Haxoh-dpril (table 2). The diffaranee coapriaad 12^ (P < 0.05). 

Th* cited data aaa conaidered in taata aith hypokinesia. £jq>erlaenta 
aere conducted on rata of both aexea, of different age, and during different 
tinea of the year. 

Tho liaitation of aotor activity of rata aith initial aeight of up to 
230 g (table 3) aaa accoapanied by an increase in oxygen conauaption and 
a reduction in the rate of aeight gain of the animals as compared aith the 
control aaapl*. 

Aa evident froa table 3f three periods nay be distinguished In the /34 

change in gas exchange and aeight of the rats, depending on the durations of 
hypokinesia. In the first period (10 • 15 days), oxygen conauaption increased 
sharply and at the sane time there was a reduction in body aeight. In the 
second period (20 - 30 days), oxygen conauaption approached the control level, 
and aeight stabilized at a loaer level than that of the control sample. In 
the third period (40 - 100 days) there aas a further lag in aeight gain of 
the rats accoapanied by a sharp increase in oxygen consumption. The statistical 
data is reliable (P <0.01 - 0.001). 
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Tb« «ff«et of hypokin— !■ on tbmagt In bo4j and oxjgn oonsunptlon 

of rats (Mtn) 
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Initial aoliht 250-270 g (sorlee IV) 
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In ordor to dlfferontlato that part of changes in gas exchange in 
the rats which aay be associated with the difference In body size between 
experiaental and control anlaals, by the III sorles of experlaents an additional 
group of young rats was taken as a control saaple. These corresponded in 


weight to the experimental animals after 60 days of hypokinesia. The obtained 


data showed that oxygen consumption of the animals kept In conditions of 
hypokinesia for 60 days exceeded the corresponding indicator for the younger, 
control, rats by 4l.?^ (F < 0.05) • Consequently, the basic reason for 
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tbs iBCXMM in axjgm coiHUBptlon of tha zata hypoklneal** lAil* 
tha zadaetloa la size of tha l«d tet a aacoadary al 4 pilfleaiiea. 

la zata vlth initial aai«bt of 2>> • 270 « (aaa tabla 3. aatiaa IT), 
oxjgan oonauiqttioa ondar tha inflnanea of bypokinaaia ineraaaad by appzoziBataly 
tha aMa aalna aa in zata aith a loaar initial aai^. Hoaovar, tha lae 
in woisht gain aaa azpraasad in graatar dagzaa foz old zata than foz the 
young* 

Thua, hypokinoaia in zata ia accoapanlad by a dzop in body aai^it and 
an inezaasa in ojqrgan connuaption* Tha higher oxygon conauaption of rats 
in the aa^azlnental group as eoaparad aith tha control saaple cannot ba 
explained on the ba st # of Bubnar's las \j the difference in weight and 
siae of tha rats . A large part of this increase is associated with 
a change in exchange caused by the linitation of activity* At first, 
hypokinesia acts as stress ^ ?] , which in our experiments was expressed 
by an increase in oxygen consuaptlon (first period), then (in the second 
period) there was the cnset of short-term stabiliaation in weight and a 
certain reduction in exchange, which certain authors took to be adaptation 
^ 2, d] . In the third period, a considerable increase in oxygen consumption 
was observed, which was evidently conditioned by the disruption of tissue /35 

metabolism 9] • 

Hypokinesia in dogs for a period of bO - 6o days led to a 6 - 11^ 
reduction in body wei^t, after which the dog "Snezhok" experienced no change 
in weight to the end of the experiment, while the dog "Zlma*' experienced a 
gradual weight gain and by the end of the 6th month was only 2% below its 
initial weight* The change in gas exchange in the dogs had an undulating 

character (table 4)i on the 20 - 30th days of hypokinesia, a 35 ~ ^3^ reduction 

in oxygen consumption was observed, and by the 40-60th day gas exchange in the 
dog "Zima" was 10% higher and in the dog "Snezhok" — 10% lower than the initial 
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level. Ourlng subsequent tlae of hjrpoklnesia, oxygen consu^Cion of the 

dog "Ziaa" considerably exceeded the Initlsl dats vhile Chat of the dog "Snezfaok' 
approached Che value established before Che experiaenC. 
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Thus, Che reduction in gas exchange observed in Che dogs at Che beginning 
of hypokinesia was replaced by its marked Increase and by the end of Che 6th 
month of hypokinesia, oxygen consumption of one of the dogs considerably 
exceeded Che initial level of gas exchange. 

The oxygen consumption of squirrels kept in cages without an exercise 
wheel (hypokinesia) was considerably lower (1567 ml/kg/hr) than under condi- 
tions of rest after two days of physical exertion (1989 ml/kg/hr) . The data 
Is reliable (P < 0.05). 

Thus, our data Indicated that the change In oxygen consumption during 
limitation of motor activity depends on the type of animal and duration of 
hypokinesia. 

All authors who studied gas exchange in man noted a reduction in oxygen 
consumption in periods of up to 3 months of hypokinesia (cited according to 
[4]). For the present, there is no convincing explanation for the differences 
which exist in oxygen consumption during hypokinesia in man, dogs and rats. 
Evidently these differences are associated with the fact that the same durations 
of limited activity for man and various animals are not equivalent. In inter- 
preting data on the effect of hypokinesia on gas exchange, it is necessary 
to also consider the duration of hypokinesia in relation to the lifespan of one 
or the other type of animal, as well as of man. 
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